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ABSTRACT 
During  the  period of the Nashville  Community Air Pollution  Study,  the  Weather  Bureau  ut  Nashville,  Tenn., 

forecasted  air  pollution  to  be  one of three levels for the following day.  The  forecast  method  was  most  reliable  during 
the  winter  season  when  pollution  ranges were high.  Discrimination of air  pollution levels can  undoubtedly  be im- 
proved  through  experience  and  further  studies,  and  the  method is general  enough to  he  used at other locales. 

1. INTRODUCTION 
An air  pollution  forecast was  provided  daily for the 

City of Nashville,  Tenn.,  from  January 23, 1959 to Au- 
gust 1, 1959. The forecasts,  which were issued by  thc 
U.S. Weather  Bureau a t  Nashville, were for  high, low, and 
little or practically  no  pollution  for the following day. 
The  forecast  method was intentionally  made simple so 
that specialized  experience  would not be required  by the 
forecasters and also took  into  account  the  type of routine 
forecasts  which  could be made.  The  criteria selected 
were to some extent  based  on  past  studies  and experience 
of meteorologists at  the  Weather  Bureau Research  Sta- 
tion,  Cincinnati, Ohio. This  was  probably  the first  time 
that a  Weather  Bureau Office made daily  quantitative 
forecasts of air  pollution  levels. 

2. METHOD 
The forecast  pollution  level  (i.e.,  high,  low,  litt'le or I I O I ~ C )  

was  objectively  determined  from  forecast  values of a sta- 
bility  index  and  surface  wind  speed.  Meteorologists a t  
Berry  Field,  approximately 8 miles southeast of Nashville 
proper,  could  make  these  forecasts  without  prior knowl- 
edge or experience of air  pollution  meteorology. Tile 
low-level stability  index was obtained  by algebraically 
subt'racting  the  forecast  surface  temperature for 0600 CST 

tomorrow  from  the  forecast 900-mb. temperature  for  the 
same  time.  This  index  value,  together  with  t'he forecast 
of weather  the 0600 CST surface  wind  speed would be 
greater or less than 7 kt., was used to forecast the int'en- 
sity of the  air  pollution  as follows: 

Forecast  stabilily  index ( S I )  and  Forecast  air  pollution 
surface  wind  spced ( W S )  for  level 
0600 CST 

SI>O and WS<7 kt  _____._. - -~ High  pollution 
SI<O and WS<7 kt. 

SI>O and WS>7 Or kt. I - - -. ~ ~ ~ ~ ~ Low pollution 

SI<O and WS>7 kt" . . -. ~ - ~ ~ - Little or no pollution 

The forecast was made a t  approximately 1500 CST and 
was valid  for the next  morning.  Wind  speeds were fore- 
cast  using  prognostic  positions of pressure  systems and 
prognostic  pressure gradient.  The 900-mb. temperature 
forecast  was  based on 850-mh. up-wind  radiosonde obser- 
vation  information,  and  wind  patterns  and  temperature 
advection as indicated  on the 850-mb. chart.  The  latter 
was adjusted t o  the 900-mb.  level,  keeping in mind lifting 
or subsidence, as indicated.  Surface  temperatures were 
forecast  using the 850-mb. temperature forecast and  ad- 
justing  it  to  the surface  with due allowance for  forecast 
cloud  cover or the  lack of it, as an indication of radiational 
cooling and  with allowance for  wind  speed as  an indicat'ion 
of vert'ical  mixing a t  low levels. 

3. RESULTS 
For each  day, t'he air pollution at  Nashville is described 

by each of t.he following: 
A. Forecast  Pollution  Level, FPL:-The level of pollu- 

tion  forecast by  the  Weather  Bureau  at Nashville using 
the previously  described  rnet8hod. 

B. Pollution  Level  From  the  Observed  Meteorological 
( W e r i a ,  PL(0C):"The  stabilit'y index and wind speed 
which actually  occurred  determined  this level in the same 
way that  the forecast  elements  determined the FPL. 
In ot,her  words,  the PL(0C)  and  the FPL would be 
ident'ical if t,he  meteorological  elements were correctly 
forecast. 

P. Measured  Pol lut ion  Level ,  MPL:--In conjunction 
with  t'he  Nashville Community Air Pollution Study, there 
were 32 sampling  stations  uniformly  spaced  over  the 
city  from which  continuous  measurements of sulfur 
dioxide  (pphm) and soiling index (Coh/lOOO linear ft.) 
were available. Coh values  determine by filter  paper 
method,  are  an  approximation of the soiling properties of 
t>he  atmosphere. At seven of these  stations, which were 
also uniformly  spaced,  more  extensive  sampling was done, 
and  continuous 24-hour total  particulate concentrations 
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FIGURE 1.-Total particulate  compared  to  pollution level indicated 
by observed  meteorological  criteria, PL(OC), separated by seasons 
and  air  quality  group.  Horizontal  line is geometric  mean,  ver- 
tical  line gives limits of one  standard  deviation. 

FIGURE 2.-S02 measurement  compared  to PL(OC), separated  into 
seasons and  air  quality  groups. 

were meteorologically  correct'. If the period  is  divided 
into seasons  (table 2), then 53 percent of the forecasts 
were correct  in  winter, 27 percent  in  the  spring, and 53 
percent  in the  summer.  The low springtime  figure 
probably reflects the  erratic  weather  conditions  during 
this season. For  the purpose of the  study,  winter was 
presumed to be from January 23 to  March 15,  spring  from 
March 16 to  May 15, and summer  from May 16 to 
August 1. These  dates were primarily  determined  from 
heating degree days  although  an  attempt was made to 
keep the  number of days in  each  season  somewhat  equal. 

EVALUATION O F  EFFECTIVENESS O F  METEOROLOGICAL CRITERIA: 
P L ( 0 C )  VS. MPL 

Because of differences in  range  and  distribution of air 
quality  data from  one  season to  the  next, cornparisons 
were made season by  season.  Each  group of air  quality 

(~g./rn.~) were measured  using  high-volume  air  samplers. 
Daily  means  for  each of the  three  air  quality Ineasure- 
ments were computed  and used as a basis  for determining 
the MPL's. 

Comparisons of the  three descript'iorls of "pollutiop 
level" were thus possible. A  measure of ability t'o  forecast 
the meteorological  criteria  was obtained  by LL comparison 
of t'he FPL and  PL(0C) for  each day a forecast  was made. 
The effectiveness of the rnet,eorological criteria  for  indi- 
cating pollution  level  was  evaluat,ed by a comparison of 
t'he PL(0C) and  t'he MPL for  each  day.  Finally,  the 
PPI, and  the MPL were compared  t'o  determine  t'he merit 
of the  program.  The  results of the  three  comparisons 
are discussed in  t,he follow-ing subsections. 

EVALUATION O F  FORECAST ABILITY: FPL VS. P L ( 0 C )  

Table 1, a contingency  table of FPL vs. PL(OC), 
reveals t'hat  the forecast,s were right  more  often  than 
wrong wit8h the exception of t'he  "little  or  none''  forecasts. 

A  statistical  test (xz) indicates  that such a distribut,ion 
has less than 0.1 percent  probability of occurring  by 
chance. For  t,he  entire period  45  percent of the forecast,s 

TABLE 2 , " F P L  us. PL(0C) by  seasons 

I PL(0C) I 
FPL 

Percent 

/-High 1 Low 1 Litt:;r correct 

TABLE 1.-Frequency of .forecast air   yual i ty  level ( F P L )  classijied 
according  to  the  air  yuality level f r o m  the  observed  meteorological 
variables, P L ( 0 C ) .  

I PL(0C)  

I Spring 

F P L  I High Low Little or Total 
none 

37 

30 

22 1 116 

Calculated x2=23.3 
From tables x2 (.999) = 18.5 
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FIGURE :<.-Soiling index values cornparcd to  PL(OC), scparatcd 
into seasons and air  quality groups. 

data was tested for normality of distribution  by season, 
and  it was found that all  air  quality  dat'a for all seasons 
were dist'ributed  in the logarithrnic  normal. For cach 
season the  three  types of dat'a,  i.e., soiling  index,  sulfur 
dioxide, arid t'otal  part'iculate, were separated accortling 
to  the PL(OC), giving  three  different  groups of data for 
eac,h air  quality  parameter. The  geometric  means and. 
standard  geometric  deviations from the groups thus 
obt#ained were plotted on linear  graph  paper. In  figures 
1, 2 ,  and 3 the horizontal  line is the geornet'ric mean and 
the  vertical line  represents one st'andard geometric  devia- 
tion on either side of the geometric  mean  (i.e.,  approxi- 
mately 68 percent of t'hc data  are between  these  lirnits). 
Each  parameter  and season  should be considered  sep- 
arat'ely, but  the one  thing  that all have in conmlon is 

that t'hc ~neans are in the proper  order. That is, the 
data selected on the days which were classified as high 
pollut'ion  according to the observed  criteria had higher 
means t'han those of the low pollution days, and so on. 
The figures also indicate  verv  definite seasonal differences 
which vary sornewllat' according to  the  type of measure- 
nlent,. c'oh and SO, values are high with a wide range 
(luring the winter  months, whereas the  summer values 
are t>oo low to be considerctl. 

A stat'istical test ,  the analJ-sis of variance met'hod, was 
employed to detennine if the means differed signjficant'ly. 
The test  indicates  very significant' differences among the 
lllearls during the wirtt'er season for  all  three  air  quality 
yararneters. Apparentl- the uret,tlod effectively divides 
t'hc data into  three levels during  this season. The SO, 
values during  the  spring and summer seasons are generally 
too low to be considered. Total  particulate as well as 
soiling index means  during t,he spring season differ sig- 
nificantly,  but an inspection of the figures reveals that 
good discrimination exist's between only t'wo levels. For 
the su~nrncr season there  are significant differences among 
the  total  particulate means, but not' as nlarkctl as during 
the winter. S C ~ S O I I .  Significant differences among  the 
soiling index  means are indicatcd,  but  the range of the 
data is low. To  summarize  the  three figures, it appears 
that the criteria are valid ir1dicat)ors of three levels of 
total  particulate, soiling index, and sulfur dioxide during 
the winter season. During  the  spring season the criteria 
significantly indicate two levels of total  particulate and 
soiling  index, while during  the  summer season they sig- 
nificarlt'ly indicate three levels of t'otal  particulate, 

A different  approach was also used to test  the effec- 
tiveness of t'he rnr-teorological criteria. The  frequency 
dist,ributions were divided irlt'o t'hirtls, and  et~ch day's 
data were dcsignnt~cd as being high, low, or  lit'tle  or  none, 
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FIGURE 4.-Total particulate  values  compared  to  forecast  pollution 
level (FPL). Horizontal  line  gives  geometric  mean  and  vertical 
line shows limits of one  standard  deviat,ion. 

FIGURE 6.-Soiling index  values  compared to  FPL. 
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depending  whether  they fell in  the  upper,  middle, or lower 
t,hird of the frequency  distribution.  Contingency  tables 
(table 3) of these  values  plotted  opposite the PL(0C) for 
each  corresponding day were constructed,  and  percent- 
ages of agreement were computed. As expected,  these 
figures are highest during  the  winter season  when  weather 
conditions  are  sharply defined and pollution  ranges are 
high. With  an overall  winter  average of 70 percent,  the 
PL(0C)'s agree  with  the  air  quality level, as  determined 
from the  frequency  distribution,  approximately 7 out of 
10 times. The averages  during the  other  two seasons are 
significantly lower with  the  highest  percentages of agree- 
ment  for  the high pollution  and  little or no  pollution 
levels. The criteria  effectively indicate  three levels of 
pollution during  the  winter season and  only  two levels 
during  the  spring  and  summer seasons. 

- +  
0- 

HIGH LOW LITTLE 

NONE 
OR 

HIGH LOW LITTLE 
OR 

NOHE 

FPL 

FIGURE 5.-S02 values  compared t o  FPL. 
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M P L  

FPL Coh/l000 linear  It. p g.ln1.J 

High ~ Low I Little  Percent 
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